Abstract
used as the internal control (primers were listed in Supplementary Table S1 ). The attB2, and then the target fragment was reorganized to target vector pK7FWG2, with
GFP tag fusion expressed. Sequence confirmed vector was transformed into A. 
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The copyright holder for this preprint (which was not peer-reviewed) is the author/funder. It . https://doi.org/10.1101/431346 doi: bioRxiv preprint sulfonic acid), 200 μ M AS (acetosyringone), pH 5.6) to adjust the OD600 of bacterial hours at room temperature, mixed bacterial liquid was injected into epidermis of
Nicotiana benthamiana. After 36 hours of static growth, epidermis was torn off to be 1 5 9
observed by fluorescence confocal microscope LSM510 (Carl Zeiss AG), GFP decolorize in the solution of lactophenol and absolute alcohol (volume ratio 1:2). were soaked in the DAB (diaminobenzidine, Sigma) solution (1 mg/mL) for 8 hours
and then boiled to decolorize as mentioned above.
6 8
Aniline blue staining: Potato leaves inoculated with P. infestances for 7 days were 1 6 9 fixed in FAA solution (volume ratio of formaldehyde: acetic acid: absolute alcohol:
water was 2:1:9:8), then leaves were soaked in 0.01% Aniline blue solution overnight and boiled to decolorize in solution of lactophenol and absolute alcohol (volume ratio 1 7 2 1:2). 0.02% fluorescent dye calcofluor was added onto decolorized leaves and yellow-green while sporangia and mycelium were in blue-purple. were cut into 0.1 cm × 0.2 cm pieces, and then those pieces were evacuated in 4% blocks were positioned by glass cutter via semi thin section and positioned slice was
made into ultra thin section by the diamond cutter. Slices were set onto the copper 1 9 1 screen, and stained in 2% uranyl acetate for 10 minutes, following with staining in 2% 1 9 2 lead citrate for 5 minutes. Slices were rinsed in distilled water and dried on a filter 1 9 3
paper, and at last slices were observed and photographed via the transmission electron
microscope JEM-1230 (JEOL). and other plants (data from NCBI database) was carried out, and it was indicated that 2 0 2 three genes in tomato (gi|723674143, gi|225321568 and gi|19359) had the highest 2 0 3 similarity with the StPOPA gene ( Fig 1A) . The suberization-associated anionic StPOPA gene.
0 7
Protein structure prediction and subcellular localization of the StPOPA
The signal peptide prediction result by SignalP 4.1 Server database 2 0 9
(http://www.cbs.dtu.dk/services/SignalP/) showed that the StPOPA protein contained a was indicated that the StPOPA protein was mainly located in the cell membrane (CM),
but we could vaguely observe GFP signal in the endoplasmic reticulum (ER), which
was diffusely distributed around the nucleus. Moreover, we could even observe some was shown that StPOPA gene could be detected in all the tissues with varied levels.
The highest expression was found in the upper stems while the lowest in the tubers 2 3 1 (Fig 2A) . With regard to figure out whether the StPOPA gene was induced by the infection 2 3 3
of P. infestans, we detected the expression level of the StPOPA gene in E3 after that the two races could both slightly induce the expression of StPOPA in the first 12 2 3 7
hours, followed by a rapid rise in transcriptional level at 24 hours inoculated with 2 3 8
Ljx18 and at 48 hours with 14-2 while they both induced the highest expression of the 2 3 9
StPOPA gene at 60 hours (Fig 2B) . Our results demonstrated that P. infestans infection 
a positive role against late blight in a relative late stage of the disease development.
4 3
The expression level of the StPOPA gene didn't change significantly at the early 2 4 4 stage after mechanical damage (Fig 2C) , but the expression level of the StPOPA gene (ET) could activate the StPOPA gene to a high level in the first 3 hours but no 2 4 8 significant effects were detected for salicylic acid (SA) (Fig 2D) , speculating that the 2 4 9
expression of the StPOPA gene could be regulated by the JA/ET signal pathway.
Function dissection of StPOPA in resistance to P. infestans
In order to find out whether the StPOPA gene has a valid function in resistance to area of overexpression lines was significantly smaller than wild-type and E3 2 6 0 transformed with 35S:GUS, whereas no significant difference was observed for the 2 6 1 specific RNA-interference lines (Fig. 3D) . However, silencing both the StPOPA and the StTAP2 genes (nonspecific RNA-interference lines) exhibited a significantly larger 2 6 3 lesion area than control (Fig. 3E) , implying a redundant function of StTAP2 to StPOPA 2 6 4 .
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Histochemical responses of transgenic leaves to P. infestans infection
The transgenic leaves together with control were stained using DAB to monitor signal by reactive oxygen species to induce the resistance response to P. infestances
infection.
7 6
Similar results were observed in callose in the cells as stained by aniline blue.
7 7
Abundant callose deposited around the point of inoculation in the leaves of 2 7 8 overexpression lines and thickness of cell wall increased visibly (Fig 4B) . On the 2 7 9
contrary, no apparent accumulation of callose was observed in the leaves of specific synthase gene was remarkably elevated in overexpression line after 6 hours of P. formation and deposit in the cell wall, withstanding the invasion and further spread of P. infestance.
The cell death around the inoculation point was detected by Trypan blue staining. Thirty-six hours after P. infestances inoculation, blue spots on the leaves of 2 9 7 overexpression line were lighter than those of control but darker than control in the 2 9 8
leaves of silenced lines with a more severe situation in the nonspecific interference line (Fig 4D) . These results provided a conclusion that reinforcing the StPOPA gene With regard to elucidate the effects of the StPOPA gene on the pathogenesis of P. transgenic line after P. infestances inoculation was observed by electron microscopy 3 0 5 (Fig 5) . As a control, in the healthy potato leaves, chloroplasts in cells were regularly arranged on cytoplasmic membranes.
0 7
There were no much variations in all leaf samples in the first 12 hours of P.
infestans inoculation except that the mycelia of the pathogen extended along the cell turned round and the laminated structure of thylakoid was slightly expanded.
However, in the cells of leaves of specific interference line, the organelles of host StPOPA gene may have a function of maintaining cell integrity to reduce the damage caused by P. infestans infection. Peroxidases are ubiquitous in plants (Milla et al., 2010) and they have a different
degree of substrate specificity (Leon et al., 2002) and spatio-temporal expression previous potato ESTs challenged with P. infestans (Du et al., 2013; Li et al., 2009 ), dissection in the present research (Fig. 3) and ethylene and little latter by wounding and P. infestans (Fig. 2) , suggesting that the
StPOPA gene may have a function associated with cell damage in the signal pathway
of JA/ETH.
It is noticeable that co-suppression of the StPOPA gene and its homologous gene
StTAP2 exhibited a higher resistance level to P. infestans than did by suppressing only 3 3 7
the StPOPA gene (Fig. 3D ). Previous study showed that biotic and abiotic stress could
both induce the expression of different peroxidase isoenzymes (Navrot et al., 2006) .
Besides, there were reports also identified the similar function of different perioxidase redundancy of these homologous genes. response, the plant simultaneously produced more ROS while decreasing its ROS results demonstrated that severe cell death was accompanied with the suppression of by enhancing H 2 O 2 production for purposeful programmed cell death.
It was documented that, in the presence of H 2 O 2 and phenolic substrates, 
